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Abstract

The purpose of our project is to analyze whether a waste byproduct can be monetized into
a viable profit stream for Wonderbird Spirits. Spent grain, a waste byproduct created by the
distillation process, is currently the company’s biggest source of material waste. The CME
project team designed and built a trommel to aid liquid-solid separation of the spent grain so that
the solid portion can be repurposed as feedstock for a vermicomposting setup. We also suggest
vermicomposting setup for the distillery based on the needs and capabilities of Wonderbird
Spirits. We present financial analyses detailing the cost of creating the trommel along with the
possible revenue from the vermicast.
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1- INTRODUCTION
1.1 - The Center for Manufacturing Excellence

Founded in 2010, The Haley Barbour Center for Manufacturing Excellence (“CME”) was
founded to provide students from a diverse range of majors with hands-on experience in a
rigorous learning environment the opportunity to succeed in the modern manufacturing industry.
As the most selective program on campus, the Center of Manufacturing Excellence accepts only
50 students per class, across a range of majors. Initially, the program only accepted students from
engineering, accounting, and business concentrations but has recently opened its doors to
students of several other majors. Prospective students with inquisitive minds who show
proficiency in both problem-solving and continuous improvement techniques will find a home at
the Center for Manufacturing Excellence.
The Center for Manufacturing Excellence takes these inquisitive students from a wide
range of distinctions and teaches each of them a combination of aspects from engineering and
accounting professions that relate to the manufacturing industry. These include instruction in
team-building, public speaking, manufacturing processes, material properties, lean
manufacturing, continuous improvement, and product development. These students then have
opportunities to utilize these lessons by solving real-world problems during hands-on group
projects at manufacturing facilities across the state, from the world-class Nissan facility in
Jackson to the high-end Blue Delta Jeans facility in Tupelo. Other major in-state partners with
the program include Toyota, Viking Range, and Ingalls Shipyard. By partnering with companies
of varying industries and operation sizes, The Center for Manufacturing Excellence provides
students with broad exposure to various business models.
1

After completing all of these courses and experiences, the students are asked to apply all
they have learned to the senior Capstone Project. The Capstone Project is a team-oriented
activity in which students produce either an internally-generated concept or an industry-desired
product. To successfully complete the Capstone, teams plan, design, and manufacture the
product concept while also producing a full-scale implementation plan that includes both
financial and marketing considerations. Students generate ideas, create a concept, produce the
product, and bring it to market by utilizing their lessons in teamwork, product design,
manufacturing processes, and problem-solving techniques. Each Capstone Team essentially is on
its own schedule, as there are relatively few deadlines to ensure that production progresses. Each
team has a leader, a point of contact between the CME instructors and the team, and purchasing
contact to ensure material orders are timely. Each team must schedule time on the program’s
factory floor with their assigned floor technician along with creating a production timeline to
evaluate progress towards completion. Being a valuable and professional team member is
ultimately the responsibility of the student in the face of deadlines, meetings, and conflicting
schedules.

1.2 - Acknowledgements
We would first like to thank the members of our team: Elisa White, Jacob Overton, James
Spalding, and Joseph Harris. While Jacob and Joseph were completing accounting internships
away from Oxford, Elisa and James were able to complete the production stage of our product.
An essential part of our success was collaboration with the owners of Wonderbird Spirits,
Thomas Alexander, Rob Forster, and Chand Harlow. Their willingness to open the distillery to
us and cooperate with us while we went through the design process is the reason this project was
possible. Next, we would like to thank our factory floor technician, Richard Hairston. Richard’s
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input was an integral part of the smooth completion of our project. He was always readily
available and willing to give his insight regarding design and manufacturing considerations. We
have a huge appreciation for the guidance of Dr. Jeremy Griffin, our thesis advisor and our
readers, Dr. Denise Theobald-Roberts and Dr. Scott Kilpatrick. Lastly, we would like to thank
Tyler Biggs, Mrs. Rochelle, Mrs. Ronica, Mrs. Tressi, and all of the faculty at the Center for
Manufacturing Excellence for the wonderful learning environment they have perpetuated during
our four years at the University of Mississippi.

2 - THE TEAM
Team formation is the deciding factor for the success of all projects. Project managers
must consider the experience, backgrounds, and personalities of every member of a team for the
specific task at hand. Professor Mike Gill did a fantastic job assembling our class’s Capstone
teams based on majors, interests, and Actualized Leader Profile (ALP) test results. Team
assignments may seem academic in context, but are critically important in industry settings.
Oftentimes, companies are constrained by limited human resources with minimal availability.
This is challenging for the project manager, as they must be able to successfully complete the
project despite these constraints. Ultimately, team formation can make or break the success of a
project.

2.1 - Team Development
As part of the curriculum at the Center for Manufacturing Excellence, students are
instructed on psychologist Bruce Tuckman’s Five Stages of Team Development. This system
aims to achieve maximum team synergy by strategically forming teams out of individuals. This
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process was developed in 1965 and is widely used in today’s business world. The five stages that
make up this strategy are forming, storming, norming, performing, and adjourning (Stein).
The Forming stage is that in which the makeup of the team is decided and initial
greetings are made amongst members. For our Capstone Project, teams were formed by CME
Professor Mike Gill. Student team assignments were decided by gauging three criteria. The first
criterion that our professor used to organize teams was the Actualized Leader Profile (ALP) of
each student. In the fall semester of our senior year, we were tasked with filling out a form to
determine what “makes us tick.’’ Students were then placed into one of three categories: asserter,
affirmer, or achiever and provided with a related self-actualization score to describe the grey
areas between categories. The results from the ALP diagnosis allowed Mike to create balanced
teams based upon our personalities. The second criterion was based upon student interest in
specific projects. After the CME faculty decided which project ideas were to come to fruition,
each student watched project presentations to gauge interest and then rated their top five. Interest
in the project is key, as it helps prevent team members from dragging their feet. Mike then took
the resulting votes into consideration to form teams. The third and final criterion for team
determination was the academic distinction of students. For the nature of Capstone projects, an
ideal team consists of equal parts engineering and accounting. This helps bring all aspects of
production together, from design to budgeting. Creating teams of compatible ALP scores,
academic backgrounds, and interest levels was no easy task.
The next phase of Tuckman’s system is Storming. This phase draws out individual
personalities in order to determine the team’s goals. As the name suggests, conflicts can arise
during this phase as individuals must put aside personal differences and styles to become a
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unified team. Many members of our team had worked together previously, so we had few issues.
We spent this phase detailing a team schedule along with assigning team roles and objectives.
The third phase of the Five Stages of Team Development is Norming. Team camaraderie
grows during this phase while the team leader emerges. Elisa was the natural person for this
position, as she was in touch with the Wonderbird crew and is very detail oriented. Under Elisa,
we became accustomed to working effectively as a team under our previously determined
objectives from the storming phase.
The fourth phase of team building is Performing. As the name implies, the team is
prepared and committed to working as a unit. Everyone is aware of their position,
responsibilities, and expectations in order to tackle problems and reach goals. Synergy is
achieved by the team as it works together to complete the tasks at hand much more efficiently as
a unit than it would as a group of individuals.
The final stage of the team development process is Adjourning. During this phase of the
process, the team has accomplished its goals and members are putting the final touches on their
respective tasks. After project completion, the team will submit its work and either move onto
the next task or separate.

2.2 - Capstone Team Roles
Elisa White served as the leader of our Capstone Project team. Having worked for
Wonderbird in the summer following her junior year, she was by far the most knowledgeable and
in touch with happenings at the distillery. Elisa is a Chemical Engineering major from St. Louis,
Missouri. She also served as the Point of Contact for our team. As our team leader, Elisa was
tasked with managing group progress toward our goals and overall decision making. In her role
5

as the Point of Contact, she was responsible for managing group communications, scheduling
with our factory floor technician Richard Hairston, and communicating with the owners of
Wonderbird Spirits and instructor Mike Gill.
James Spalding served as the Design Engineer for our Capstone Project. A senior
Mechanical Engineering Major from Gulfport, Mississippi, James worked in Autodesk Inventor
to design a model for our desired product specifications. This role covered material research and
selection, initial testing, and design issue assessment. James also completed the initial stage of
testing in order to gauge the specific types of material we needed to order. James and Elisa
worked together to assess the practicality of design implementation for our product.
Jacob Overton and Joseph Harris served as the Financial Consultants for our project.
Both Jacob and Joseph are accounting majors, and are from Tupelo and Natchez, Mississippi,
respectively. Joseph served as our official team Purchasing Contact. This role was often shared
between Jacob and Joseph to consider the financial implications of each purchase. Their joint
role involved using their accounting backgrounds and related business knowledge to assist the
team. Both utilized their broad business experience in topics such as finance, management,
marketing, and accounting. Their key role throughout our project was to initiate and monitor our
team budget. Each Capstone team is granted a $1,000 budget for the project. In many cases this
budget can be extremely tight. However, our industry product was not intended for mass
production and therefore material costs stayed well within our budget. The two worked together
to project the profitability of a large-scale implementation scenario in which the compost would
be sold to local individuals and businesses. Generally speaking, compost is a nutrient-rich form
of soil fertilizer made up of decomposed organic material. This typically includes vegetables,
yard clippings, egg shells, coffee grounds, and an assortment of household organic ‘waste’.
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3 - PROBLEM STATEMENT

Wonderbird Spirits is a unique business that encountered a large waste disposal issue in
its production process. Our team saw this issue as a potential new value stream for the distillery.
As a grain-to-glass distillery, the operation has to deal with the slushy remains of locally grown,
Mississippi Delta jasmine rice. This mixture is in the form of a loose slurry that is not readily
disposable, as it clogs drains and becomes a hotspot for peckish flies during the sweltering
Mississippi summers. Previously, Wonderbird relied on the hungry cows of cooperative farmers
that were willing to take the mess out of their hands for free. However, these cows soon refused
to eat the slurry, as it quickly spoiled in the summer heat. The distillery then began relying on the
farmer to spread it across his hay fields as a form of fertilizer. These days, this mixture sits in
225-gallon plastic containers, marinating away in the elements.
Our team thinks there is a better, even profitable, alternative for this slurry. Our initial
goal was to create a composting bin that would be able to handle the 76% liquid material, but
this seemed to be far too complicated for the scope of our project. An alternative solution was to
make this slurry into a material that is compostable by typical means. This is how our idea for a
trommel, or liquid-solid-separator, came to be. By turning this mixture into a solid that would
quickly degrade in a vermicomposting setting, Wonderbird would be able to turn the annual
5,400 gallons of waste material into a nutrient-rich composted material that would be desired by
individuals looking to improve their yards or local landscapers.
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4 - BACKGROUND INFORMATION

Wonderbird Spirits is a grain-to-glass gin distillery. The phrase grain-to-glass means that
the alcohol used to create the final product is created on site, not bought from a producer and
flavored. They create their own alcohol base using jasmine rice from the Mississippi Delta, distill
each botanical flavor in their gin individually, and bottle the finished product all at the distillery.
This sort of small scale distilling operation is sometimes referred to as ‘“farm distilleries”, or
those that purchase the majority of their needed grain and grass from nearby farms. Similar to
whisky distilleries opting to make oak barrels from local trees, it is believed to give special
characteristics to the final product. By using local ingredients, Wonderbird aims to imbue their
gin with hints of Mississippi’s world-renowned delta farmland. In doing this, they hope that their
product reflects the flavors of the region. The craft distillery industry is steadily growing in the
United States. As of 2019, there were 1836 of these distilleries in operation (Statistica). When
considering only 68 of these distilleries were in operation in 2004, this 2,600% increase in two
decades is very promising for this young industry (Helmer). The owners of this business
expressed a desire to decrease their process waste through the implementation of a
vermicomposting system to convert the spent grain from the process into a new value stream.
Being a company that prides itself on its connection to the local consumer base,
Wonderbird Spirits could use this newly developed value stream to further develop their image
as sustainably conscious. The knowledge that there is no additional waste stream generated from
the production of their gin could lead more consumers to purchase Wonderbird over other gins
that hold similar places in the current market. This project would not only create additional
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revenue sources for Wonderbird through the sale of the compost material, but could increase
sales of their primary product with environmentally conscious customers.
The two heads of Wonderbird are Thomas Alexander and Rob Forster. They set out with
a common and simple goal: to make a world class gin. However, in their pursuit of this goal,
they decided to do it in a way that matched their personalities. Both of them gave up their fulltime careers in order to pursue a calling. They opted to live much more modest lives in rural
Mississippi in order to follow this calling, and in doing so had to give up lots of aspects of their
former lives. As a business, Wonderbird operates in the same manner. Everything is utilized, and
waste is kept to an absolute minimum. The distillery itself is sheik and state of the art, but limited
only to what is necessary for production. The distillery’s idea of minimalism is what inspired
Wonderbird to make something useful out of their spent grains. Turning their only source of
waste into a revenue stream not only benefits their finances but also puts Tom and Rob’s style
even further into their business. The image that they project for Wonderbird is one of passion,
sustainability, and quality.
One of the greatest challenges that Wonderbird faces in their journey towards the creation
of a vermicomposting system is the liquid content of the spent grain. Spent grain is the mixture
of base materials, in this case jasmine rice and barley, that remains once the alcohol has been
stripped from the fermented mixture. The idea that the company had was to use this slurry as a
feedstock for a vermicomposting setup. Vermicomposting is a process that relies on earthworms
and microorganisms to break down organic matter and transform its biological, physical, and
chemical characteristics into a stable product that can be used as a valuable soil amendment and
source of plant nutrients (8). The end product of this process is vermicast. Vermicast is a mixture
of earthworm castings and uneaten bedding and feedstock harvested from worm beds (27).When
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the company owners previously tried to create a small-scale outdoor vermicomposting bin, they
found that the high liquid content in the spent grain did not evaporate quickly enough. The
liquid-solid slurry festered in the sun and attracted unwanted pests without decomposing the way
it should. If Wonderbird wanted to purchase an industrial liquid-solid separator, they would have
to spend thousands of dollars. As a new, small company, a purchase this size is not currently
viable because it is not integral to the gin creation process. This issue led to the conception of a
design for a liquid-solid separator that can be made for a much lower price out of materials that
can be purchased in local hardware stores or through online retailers.

5 - DESIGN
The main hurdle of the initial vermicomposting project was the high moisture content of
the spent grain slurry. The vermicomposting process would largely be impossible to complete
with such a moist feed material. As such, the group decided that a liquid-solid separator would
be necessary to ensure that an efficient and viable vermicomposting process could be achieved
by using the waste slurry.

5.1 - Liquid Solid Separation

5.1.1 - Defining the Process

Liquid solid separation is a technique used when separating particles of different phases
in a suspension. It is often used to retrieve one phase or the other, while discarding the other less
valuable material. There are many steps that can be taken to ensure maximum separation of
particulate matter from the liquid phase. Typically, the mixed material will go through a pre10

treatment routine that will allow the solids to be more easily filtered without excessive strain on
the filtration system. These pre-treatment routines include addition of chemical or physical
manipulation of the solid material or addition of a larger solid material that will allow the
suspended solid to cling to the larger material and filter out easier. These routines are generally
used on suspensions that are exceptionally difficult to separate, including those with microscopic
particulate matter.
After pre-treatment, the solid phase undergoes concentration to allow for additional ease
of filtration without overloading the separator. These processes can include traditional
concentration methods such as gravitational settling and increasingly complex assisted separation
methods such as magnetic or electric particulate separation. This step is undertaken to reduce
liquid flow across the filter to prevent filter clogging and increased strain on the filtration
assembly.
After solids concentration, the solids are then separated from the liquid medium. The
simplest process of separation is by using a standard filter. The liquid solid mixture can be
poured over the filter and allowed to filter through gravitationally, or it can be forced through the
filter using additional pressure or centrifugal force. Forced filtration reduces the time it takes to
filter the particulate matter, but it increases cost and complexity of the filtration apparatus.
After the solids are separated from the liquid suspension, the liquids and solids can undergo post
processing. For solids, this usually entails a thermal drying process to allow for more of the
moisture content to be removed from the solids. For the liquid phase, it can then be allowed to
undergo additional filtration using finer filters to allow for additional solid particulate matter to
be removed that wasn’t caught by the previous filter. This allows for exceptionally clean liquid
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matter without clogging finer filters with dense suspended solids. The figure below shows the
various separation methods that can be used for this process.

Figure 1 - Liquid Solid Separation Steps

5.1.2 - Liquid Solid Separation Equipment

Specialized liquid solid separation equipment exists solely for the extraction of solids
from liquid suspension. A majority of these pieces of equipment utilize a mesh filtration system
to separate the solids from the liquid matter. The defining aspect of filtration equipment is
12

whether the filtration process is forced or left to gravity. Gravitational filtering equipment
usually comes in the form of a sieve or a trommel. A sieve is essentially one or more mesh
screens that filter out the solid material and allow the liquid material to pass through and out of a
drain. The sieve can also be equipped with a vibratory function that will allow the particulate
matter to be agitated as it passes through the filters, and therefore release more of the moisture
content. The drawback of a sieve is that it is inefficient as compared to forced filtration systems.
It takes longer for the gravitational force to pull the liquid content through the filter than if it was
forced through. An example of a sieve can be seen in Figure 2 below.

Figure 2- Russell Vibratory Sieve
A trommel is essentially a sieve that is rounded and is allowed to rotate to agitate the
material inside. The mixed material is fed into the trommel, and it rotates, allowing for agitation
and easier filtration of the material. However, trommels are generally used for solid-solid
separation and grading for materials of different sizes. This is largely due to the large filtration
medium that would be needed to envelope the outer surface of a trommel. An example of a
trommel can be seen below in Figure 3.
13

Figure 3 - Trommel Example
The most common variation of forced filtration liquid solid separation is via a centrifugal
liquid solid separator. In this machine, the slurry is fed into the center of a spinning separation
apparatus. The centrifugal force of the spinning motion will force the slurry to the outside of the
machine that is lined with a filtration medium. The additional force of the spinning will force the
liquid through the filter, leaving the solid particulate matter behind. This equipment is more
efficient and will allow for more throughput yield than a traditional gravity filtration sieve, but is
far more expensive and specialized than a sieve.
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Figure 4 - Centrifugal liquid solid separator

5.2 - Initial Design and Prototyping
For the purposes of this project, the team decided that the creation of a centrifugal liquid
solid separator was beyond our technical expertise and budgetary constraints. Instead, we
decided to adapt the design of a trommel in an attempt to combine the centrifugal separator with
the simplicity of the trommel. We decided to build a base out of 2x4s and build the trommel
screen out of stainless steel wire mesh. The trommel filter would be granted structural stability
from bicycle rims and angle aluminum to keep the trommel from collapsing from the weight of
the slurry. The trommel itself would be attached to the frame by setting caster wheels inside of
the bike rims to allow for rotational agitation of the slurry without having to worry about lateral
shifting of the apparatus.

15

Figure 5 - Initial Trommel Design
To begin the prototyping phase, a trial was run with a traditional wire kitchen strainer to
determine if liquid solid separation was feasible with standard wire mesh. Eleven ounces of the
spent grain slurry was poured into the strainer and agitated as the liquid was allowed to run off. It
was observed that the solid material would coat the external surface of the strainer and inhibit the
flow of the liquid through the screen. Because of this, agitation of the liquid-solid suspension
will be required in order to develop adequate flow across the screen. It was found that the eleven
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ounces of wet material was reduced to two and a half ounces after the liquid was removed,
indicating that the liquid removed was approximately 77% of the weight of the suspension.
After testing, it was determined that a small-scale model of the trommel was needed to
determine the feasibility of the project. The team brainstormed ideas and decided that the base
would be made from 2x4” lumber for cost effectiveness and ease of construction. Caster wheels
would then be added to the 2x4” frame to allow the trommel to spin and allow for agitation of
the material. Twelve inch bicycle rims would then be used to create the round profile needed for
smooth rotation of the trommel and to provide structural stability. The team arbitrarily chose
90x90 stainless steel mesh in order to ensure that filtration of the suspension was achieved. Since
filtration was desired, the team chose a very fine stainless steel mesh to ensure as much solid
particulate as possible could be captured. Lastly, ⅜”x ⅞ ” ninety-degree angle aluminum was
used to allow for additional agitation of the suspension while also providing more stability to the
trommel itself. A small-scale model design was then created in Autodesk Inventor to allow for
ease of assembly of the prototype. The small-scale prototype was created to be roughly ⅓ of the
size of the large-scale trommel.

6 – ASSEMBLY
Once the small-scale design was created, the materials then had to be decided upon,
sourced, and purchased. The team decided to purchase materials through various suppliers in
order to achieve the lowest price possible for the small-scale prototype. The vendors and
materials that were ordered can all be found in the table below.
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Material

Quantity

Vendor

12” Bicycle Rims

2

Walmart.com

8’ 6061 Aluminum 90°
Bar

4

mcmaster.com

3’x4’ 90x90 Stainless Steel
Mesh

1

mcmaster.com

Caster Wheels

4

CME

2”x4”x8’ Lumber

5

CME
Table 1 - Materials

Then, after all of the materials were ordered, assembly of the trommel began. The team
scheduled floor time with our advisor Richard Hairston and covered safety for all equipment that
was to be used before actually beginning construction. The first step of assembling the trommel
was the construction of the frame. The team decided that the frame was to be made out of 2x4”
lumber. The lumber used in this project was donated by the Center for Manufacturing
Excellence. The 2”x4”x8’ lumber was cut into four 9” sections, four 12” sections, and four 24”
sections. These dimensions were chosen to create a 12”x12”x24” rectangular base for the
trommel to sit on. The full cut list of lumber can be found below.

Cut Dimension

Quantity Cut

2”x4”x9”

4

2”x4”x12”

4

2”x4”x24”

4
Table 2 - Lumber Cuts
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Once the lumber was cut, it then needed to be fixed together to create the base. The 2x4
lumber was laid out according to the small scale design and fixed together using 2.5” wood
screws. After the frame was screwed together, 9/16” thru-holes were drilled 6 inches apart in the
top board of the frame to allow for the casters. Once the holes were drilled, the caster wheels
were inserted and affixed to the frame using a nut threaded on to the caster rod. After this
process, the assembly of the frame portion was complete.

Figure 6 - Frame with Caster Wheels
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Once the frame was completed, the team shifted their focus to the creation and assembly
of the trommel screen. After ordering the bicycle rims, it was noticed that they came with
internal spokes and a sprocket to allow for their intended usage. Since the team did not need
these components, they were removed from the bicycle wheels and discarded. The bicycle rims
had a multitude of holes in the exterior surface to allow for the spokes to attach to the rims. The
team arbitrarily chose holes that would allow for the aluminum to attach to the bicycle rims and
marked those with a sharpie. The team then measured how long the trommel itself would need to
be in order to sit smoothly on the caster wheels mounted to the frame. This measuring is
necessary for sizing the cuts of the aluminum bar and mesh. After taking the necessary
measurements, the team decided that the aluminum and mesh needed to be 22 inches long to
allow for smooth operation of the trommel. The measurement was transcribed to the aluminum
stock, and two cuts of 22 inches each were made on the horizontal bandsaw.
After cutting the aluminum stock, the team turned their attention to the stainless steel
mesh. After discussion with Richard, it was decided that the mesh would best be cut with metal
snips due to the small size of the project. It was calculated that the mesh would need to be cut
into a 24”x22¼” rectangular shape. This would allow for full coverage from end to end of the
trommel and allow for the mesh to cover the entire circumference of the inner diameter of the
bicycle rim. A framing scale was clamped into place on the mesh to allow for a straight edge and
the cut template was drawn on the mesh. After drawing the template, the clamps were removed
and the mesh was cut to shape using metal snips.
After cutting the metal mesh and aluminum bar stock, they needed to be affixed to the
bicycle rims to complete the trommel. The positioning of the aluminum stock and mesh proved
to be a difficult task. The team decided that the best way to ensure alignment was to go slowly
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and mark, drill, and affix one hole at a time. The mesh and aluminum were securely fastened
using #10-32x5/8” machine screws and nuts. These were chosen instead of using rivets for ease
of assembly and disassembly during the testing phase.
Once the mesh and aluminum stock were affixed, the team ran into an unforeseen issue.
The mesh had a small overlap area and would not stay closed along the length of the trommel
screen. To seal the seam and make sure that all of the suspension inside of the trommel filtered
through the screen instead of simply falling out, another aluminum bar was cut to 18” and
affixed to one of the interior aluminum bars. This effectively sandwiched the mesh and did not
allow an opening.
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Figure 7 - Trommel Screen
Once the trommel screen assembly was complete, all that was left to do was set the
trommel screen portion onto the previously built frame. When this was done, assembly of the full
trommel was complete.
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Figure 8 - Full Trommel Assembly

7 - PROCESS TESTING
After the assembly of the trommel was completed, the team took the assembly to the
Wonderbird distillery for testing. The trommel was set up outside of the distillery, and the liquid
solid suspension was fed into the trommel while it was rotated by hand. Unfortunately, it was
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discovered that the trommel did not filter the suspension as quickly as hoped, leading to spillage
of the suspension out of the end of the trommel.

Figure 9 - Slurry Testing
A five why problem-solving analysis was completed, and the team came to the
conclusion that the mesh used for the trommel screen was too finely woven to allow for adequate
liquid flow-through. This analysis is consistent with the prototyping phase, as it was noticed that
the mesh used for construction of the trommel was considerably finer than the mesh used in
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initial testing. 32x32 gauge mesh was ordered and will be further evaluated to determine the
effectiveness of the trommel.

Figure 11 - 90x90 mesh

Figure 10 - 32x32 mesh

After the 32x32 mesh arrived, the team disassembled the trommel screen, and
reassembled it with the 32x32 mesh. The team ran initial testing and found that the trommel
filtered the slurry 50% faster than with the 90x90 mesh, indicating that the trommel process is
viable with the 32x32 mesh.

8 - LARGE SCALE INTEGRATION
8.1 - Trommel Design Integration
After small scale prototyping and testing, it was determined that the trommel design is
appropriate for large scale usage by the Wonderbird team, although it will require an upscaled
design to handle the large amount of spent grain that they create. In order to handle this extra
load, an enhanced design of the trommel was created to allow for ease of use and easier waste
disposal. The middle support 2x4 of the trommel would be removed, and an electric motor with a
belt driving the trommel will be introduced to allow for continuous motion of the trommel
without any work being done by hand. It will also feature a stainless steel catch tray that all of
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the separated liquid will fall into. This tray will feature a drain that a water hose can be hooked
into to allow for disposal of the wastewater.

Figure 12 - Large scale trommel design

8.2 - Vermicomposting Integration
In terms of full-scale implementation, we envision Wonderbird selling loads of
composted material to local individuals and landscapers looking for nutrient-rich soil. Our largescale trommel design would prepare the estimated annual 5,400 gallons of material into roughly
1,296 gallons of compostable material. This material, along with any other biodegradable
materials the distillery could add in, would then have to undergo the composting process.
Additional composting materials could be things like yard clippings, tree limbs, leaves,
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vegetables, or coffee grounds. The main ingredient for composting is time with a touch of
movement, or stirring. To improve the process for Wonderbird’s needs, we recommended
introducing worms into the composting process.
Vermicast is a mixture of earthworm castings and uneaten bedding and feedstock
harvested from worm beds (27). The most commonly used worms for vermicomposting are
Eisenia fetida, also known as red wigglers, red worms, and composting worms, along with other
common regional names. These worms are ideal for vermicomposting because they can
withstand a wide range of environmental conditions, like temperature and pH, compared to other
worm species. Another benefit of using Eisenia fetida is their quick reproduction rate. After
hatching from their cocoons, the baby earthworms will be sexually mature in 53-76 days. A
mature earthworm can produce two or three cocoons a week with an average of three babies per
cocoon. These worms can live for four to five years in favorable conditions (47). To start a new
vermicomposting system, one pound of worms should be used for every square foot of surface
area in the composting container. This calculation is done based on the surface area of the
container because the worms will feed on the top layers of material first and then move
downwards (45). Because of the rapid reproduction rate of the worms, it is unnecessary to
purchase more worms frequently since the worm population in a vermicomposting system will
naturally increase under generally favorable conditions.
When designing a vermicomposting setup, factors like climate, available area, feedstock
quantity, funding, and labor must be taken into account. For Wonderbird specifically, the
Mississippi climate is harsh in the summer, but relatively mild in the winter months. As for
available area, the distillery has quite a large plot of land surrounding it that has many possible
locations for the vermicomposting setup. The feedstock provided by the distillery is about 250
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gallons per month, including liquid content. Wonderbird is a small business, so they are not
looking to invest a large sum in the creation of a vermicomposting setup. And finally, the labor
will have to be done by the company owners, so the less labor-intensive the setup, the better.
Common types of vermicompost setups include windrows, pits or trenches, bins, batch systems,
and continuous flow-through bins. Each type of setup has its advantages and disadvantages, so
the needs of Wonderbird must be considered.
After researching the logistics of each setup, the bin system fits the needs of this situation
the best. Bins can be purchased, built, or repurposed. The best way for Wonderbird to create one
or more vermicompost bins would be to use concrete blocks. The blocks can be placed on the
bare ground anywhere on the property. Using concrete blocks is inexpensive, will not rot like a
wood bin would, and provides more insulation than other possible materials of construction like
wood or repurposed plastic containers. The worms can tolerate temperatures ranging from 4090°F. For even more heat protection, it is advised to locate the bins under shade from trees or
buildings so there is less direct sunlight to heat the contents. A covering for the bins is also
necessary to protect the system from excessive rain, harsh UV rays, and pests. A covering could
be made from a number of things including tarp, wooden sheets, plastic sheets, or metal.
Harvesting the vermicast will be a manual process. This is unavoidable unless the company
wishes to invest in machinery to assist in the harvesting process, which is not recommended for a
company who is interested in trying out vermicomposting for the first time. With bins in place,
the company owners could begin the process of converting their spent grain waste into
vermicast.
Adding vermicast to soil has a bounty of benefits for plant growth. Soil enhanced with
vermicast causes seeds to germinate quicker, enhances seedling growth rate, leads to earlier
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flowering, and increases plant yields (33). These benefits and others are due to the nutrient and
microbial contents within the vermicast. There are multiple markets for vermicast in a town like
Oxford, MS. Possible customers for vermicast include landscape contractors, flower shops,
nurseries, greenhouses, and even the general public.

9 - FINANCIAL CONSIDERATIONS
9.1 - Industrial Liquid-Solid Separator vs. Prototype
Instead of purchasing a large-scale industrial liquid-solid separator, we believed that we
could make a mid-size alternative that would be significantly cheaper and work just as well. Our
concept would satisfy the needs of the distillery at a drastically lower price when compared to
large scale separators and commercial trommels that range in price from $1,600 to $25,000.
To accomplish this task, we were able to find the materials we needed through the online
retailer McMaster-Carr, the Walmart website, and the MSC Direct website. The materials we
bought included two stainless steel 12-inch bicycle rims, four 90-degree aluminum angle irons,
90x90 stainless steel mesh, 32x32 stainless steel mesh, and 0.1 to 0.17" tubular rivets. The two
bike rims were bought for $55.73 from Walmart’s central website. The aluminum angle irons
were purchased for $47.41 and the 90x90 mesh was bought for $68.69. The 32x32 mesh was
ordered for $45.22. Both meshes and aluminum angle bars were purchased from McMaster-Carr.
The rivets were purchased at $9.42 from the MSC Direct website. This total cost of materials
added up to $227.81. The CME generously provided us with lumber for the base of the trommel
and the caster wheels to spin the trommel cylinder itself. This helped to decrease our total cost of
the trommel. As we started building the trommel and going through the different assembly steps,
it was determined that we did not need the rivets we ordered. Also, when we finished building
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the trommel and put it through the initial testing, we found that the 90x90 mesh was too fine. The
liquid was not draining as we thought it would, so we then ordered the 32x32 mesh to put on the
trommel. Out of the materials we ordered, we ended up using the bicycle rims, aluminum bars,
and 32x32 mesh. This ended up bringing our total direct material cost to $149.70, which is much
more cost efficient than the large-scale separators and well below our $1,000 budget. A
breakdown of these direct costs is shown in the table below.

Material

Quantity

Price

12” Bicycle Rims

2

$55.73

8’ 6061 Aluminum 90° Bar

4

$47.41

3’x4’ 32x32 Stainless Steel
Mesh

1

$45.22

Total Direct Material Cost

$148.36

Table 3 - Material Purchases

9.2 - Future Benefits for Wonderbird
The waste material currently sits in 225 gallon tubs. After inquiring with the distillery, we
learned that throughout the year they fill up a minimum of two containers per month, or 24
containers per year to a total of 5,400 gallons. According to our calculations, this slurry is
approximately 77% liquid and 23% solid. After putting the spent grain through our trommel,
Wonderbird would be left with 1,296 gallons of compost-ready material. In order to determine
the profitability of this potential new value stream, many estimations had to be made. Between
the Mississippi summer heat and Father Time, the density, volume, and weight of this material
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could change drastically. Additionally, we believe it would take, at minimum, one year of
composting to have enough vermicast. So from initial production to resale, we estimate two
years. One year to accumulate a full load of material and another for the composting process to
take hold. While it is hard to calculate the value of the material as a slurry, market prices
indicate vermicast is worth between $200 and $1800 per cubic yard. At a median price of $1000
per cubic yard, selling the material would quickly pay off the price of a larger trommel. Soon
thereafter this would be a profitable value stream for Wonderbird. This value stream
implementation could also have intrinsic value for the distillery. Selling composted material
would introduce them to a new market of individuals that may not have previously heard of
Wonderbird. Business within this new market could lead to new sales, contacts, and untapped
potential.

10 - CONCLUSIONS

This experience working with Wonderbird has given the team many memorable
memories, and it was something that taught us many valuable lessons. After visiting the distillery
in Taylor, Mississippi for the first time, our team knew we were lucky to work on our senior
capstone with the great guys at Wonderbird. They explained to us what they thought we could do
to help them, and it was something we were able to start working on immediately.
Our team noticed how close knit the guys at Wonderbird were and how their relationships
with each other led to their success, and we knew we needed to operate like that to succeed in
our project. An obstacle that we overcame was that Jacob and Joseph were working on their
internships for 3 months during the construction of the trommel. James and Elisa stuck together
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and finished the trommel, and that shows how willing they were to work and get things done.
The hardworking attitude of the guys at Wonderbird rubbed off on us while we were working,
and they showed us we need to keep working hard and pushing through whatever obstacles come
our way to be successful.
Another small setback we as a team had to overcome was the size of the stainless steel
mesh. During our initial testing, it was determined that our 90x90 mesh was too finely woven to
allow for adequate liquid flow-through. We then had to order 32x32 mesh so the liquid part of
the grain could drain like it needs to.
Looking forward, there are some improvements we could make to our trommel. We
believe there could be a handle that could be used to turn the trommel as the slur makes its way
through. There could also be a small motor to install on it so that there does not need to be any
manual turning of the handle. Because of time constraints, we were unable to put these ideas into
fruition. After telling the team at Wonderbird what we think could be done in the future, they
were extremely supportive, and they agreed this could be something they can do.
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